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Abstract
The involvement of local people in the management of scarce resources, such as water available for agriculture, is
a desirable approach to address some of the difficulties in the decision-making processes. This paper reports the ex-
perience of a research team of sociologists and geographers involved in the MULINO project (Multi-sectoral, In-
tegrated and Operational decision support system for sustainable use of water resources at the catchment scale).
In the framework of this international and interdisciplinary project, a social network analysis was developed in a
catchment of south Portugal. This analysis was structured in five fundamental steps: Stakeholder Identification; Da-
ta Collection; Data Treatment; Network Visualisation; and Local Network Analysis. The information was gathered
mainly through a questionnaire, bibliographic references, statistical inputs and field observations. In order to obtain
a typology of stakeholders and their interactions, a factorial analysis of multiple correspondences and a cluster analy-
sis were applied. The social network analysis, which is the measuring and visualisation of relationships and flows
between people, groups, organisations or other information/knowledge processing entities, supported the description
of two types of patterns that link different sets of actors: social groups (sets of actors closely linked together) and
social positions (sets of actors who are linked into the overall social system in similar ways). The analysis of the
Caia Catchment network shows that this type of analysis is important not only as a means to characterising certain
parameters about the network’s characteristics, but also as a significant tool to help improve the communication
within the social network.
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1. Introduction

Decades of human pressure on natural re-
sources have resulted in a new approach to de-
velopment, which also points to the future but,
contrarily to prior approaches, “…to a bleak fu-
ture of scarcities rather than a bright future of
progress…” (Sachs, 1995). Development is only
possible when economic fairness, social equity
and environmental sustainability are guaran-
teed. Finding solutions to these problems is one
of the main challenges of our society.

The involvement of state organisms and lo-
cal communities in the development processes
is a priority for almost all international support
programmes. This priority is supported by the
perspective that decisions should be taken as
close as possible to the affected citizens (the
subsidiary principle), as well as by the principles

of local participation and decentralisation. This
is so thanks to inefficient aspects of current de-
velopment processes which, up to a few years
ago, were very limited in economic terms and
somehow rather distant from the local reality
(Jorge et al., 2002).

Nowadays, the concept of sustainable devel-
opment has inscribed in itself the linkages of
economy and environment because the societies
base their growth on the extraction, transfor-
mation and consumption of natural resources.
Therefore, sustainable development demands an
integrated and interactive approach that allows
for an understanding of the complex relation-
ship between society and nature with regard hu-
man rights, and assuming that the environment
is a vital dimension of the future of human kind
(Lourenço, 2001).

The way societies organise themselves and



establish rules to govern their actions will play
a major role in determining whether they move
toward more sustainable paths. But good gov-
ernance requires reforming decision-making
processes to increase opportunities for public
participation; this includes a wide variety of ac-
tivities ranging from consultation hearings as
part of an environmental impact assessment, to
co-management of natural resources. Therefore
it requires public debate and a problem-solving
capacity (Risse, 2002).

The systems that society has developed to
govern itself, which are generally based on the
nation state, are becoming increasingly complex
nowadays; it seems necessary to discuss the ba-
sic structures of governance, in order to man-
age the conflicting and changing economic, so-
cial and environmental requirements of modern
governance systems. Moreover, individuals,
households and communities are seeking
greater control over their own destinies, while
the boundaries between the public and private
spheres are continually shifting (Lourenço et al.,
2002). Therefore, governance arises as a key is-
sue for the implementation of sustainable de-
velopment. It is an approach through which we
can understand and describe the systems, net-
works, practices and dynamics of governing.
Good governance depends on the legitimacy of
the political system and on the respect shown
by the people for its institutions. It also depends
on the capacity of such institutions to respond
to problems, and to achieve social consensus
through agreements and compromise (Lou-
renço et al., 2002).

According to Cernea (1985), participation
has to do with giving people power to mobilise
their own capacities, to be social actors instead
of passive subjects, manage resources, make de-
cisions and control the activities that affect their
lives. This type of co-management requires pow-
er sharing between government agencies and
citizens with a stake in the common pool of re-
sources and territory. It emphasises a bottom-
up rather than top-down process of participa-
tion and implies user groups playing an active
role in decision-making. The local communities
of stakeholders should play a central role in
identifying resources, defining development pri-
orities, choosing and adapting technologies and
implementing management practices.

The participation of local communities in-

volves the different stakeholders present in the
region, and therefore applies to an integrated,
multi-level and multi-disciplinary approach. The
participation in the management of territory
and natural resources is justified by the bene-
fits to local communities resulting from the
proximity of the local stakeholders to the re-
sources, which could ensure a more adequate
use; the expected increase of resource flows to
rural populations, which can contribute to alle-
viating poverty, diversifying benefits and achiev-
ing a more equitable income distribution; the
flexibility of the process, which can ensure a bet-
ter adaptation to the context of uncertainty and
change (Brown, 1999). However, integrating lo-
cal people in the decision-making processes is
not always successful. They should participate in
the decision-making process but they must also
benefit directly from the decisions taken (Cater
and Goodall, 1992).

Every social system is structured in (formal
or informal) networks. These social networks
are structured by the different social, economic
and political actors that are involved in a given
region and have a key role in the effective man-
agement of territories and resources. They con-
stitute structures of opportunity and constraint
for the stakeholders and they have proven to be
crucial to (EC, 2003):
– facilitate information flows and produce bet-

ter-informed and more creative decision
making (reducing uncertainty) by developing
a broader knowledge base through the use
of stakeholders’ knowledge and experience;

– stimulate a more open and integrated gov-
ernance, more transparency in the decision
process and increase stakeholders accep-
tance, fewer delays and more effective im-
plementation;

– promote social learning as a consequence of
a constructive dialogue in which all interest-
ed parties involved in the networks (stake-
holders, governments and experts) learn
from each other.
Social networks should coordinate contacts

between the various individual and collective
actors in a given region and encourage them to
work together in order to harmonise their ob-
jectives and concerns. The success of the local
network, as a support instrument for managing
territory and natural resources, partly depends
on the type of participation of the various stake-

Rodrigues L., Russo Machado C., Lourenço N.

742



holders located in the region. Involving the var-
ious actors from the beginning of the process is
a way of ensuring the success of responses by
the development and implementation of deci-
sion-making support tools. Therefore, the final
decision is more likely to integrate the expec-
tations of the various actors that have active in-
terests in the territory.

The relationships among the various social
actors (whether individual or collective), in any
area, are structured in the form of networks. In
reality, “…the people belong not only to groups
but to networks as well, the groups being the
reflection of the structural relationships that tie
the individuals together…” (Degenne and
Forsé, 1994). According to Wasserman and Faust
(1994), a social network consists of a finite set
of actors and the relation or relations defined
in them. The actors are social entities, discrete
individuals, corporate or collective social units.
A basic assumption of the relationships formed
to provide a network is that the social actors in
a network are mutually dependent upon re-
sources controlled by each other, and that there
are benefits to be gained by pooling their re-
sources. In a relatively static way, networks can
be defined as “…systems of social actors that
propagate among themselves information and
resources across structures with strong connec-
tivity with the objective of making common a
variety of their internal environment. Aside
from this, it is observed that the interactions
with the external environment of the network

arise from structures with a lesser degree of
connectivity…” (Lemieux, 1999).

In the decision-making process, social net-
works work as an essential tool in the trans-
mission and acceptance of normative systems,
which will regulate the decision and allow for
the identification of existing problems and po-
tentialities, the assessment of proposals for
sound intervention, and also the understanding
of interactions and conflicts among the various
social actors (Lourenço et al., 2001). Further-
more, social networks have a special role in the
acceptance and diffusion of technological and
organisational innovation. Thus, at local level it
becomes imperative to consider the relation-
ships among the various social actors as real in-
teractions and therefore as local potentials and
liabilities, thus guaranteeing the success of the
decision-making process.

The networks that are established at a local
level are integrated into larger networks (re-
gional, national, and even international). The di-
agram in Figure 1 shows how the networks that
are established within the context of the deci-
sion-making process are relatively centralised
(Lourenço et al., 2001).

Thus, it can be observed that the transfer of
resources and information fundamentally fol-
lows a somewhat hierarchical chain which en-
courages top-down communication and makes
the reverse more difficult. It is therefore noted
that horizontal communication among the vari-
ous levels of the diagram is of lesser importance,
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Figure 1. The structure
of a social network pre-
sent in a catchment
(Source: Lourenço et
al., 2001).



although not non-existent. This indicates that we
are not faced with an ideal network in which all
the actors are at the same time transmitters and
receivers of equal importance.

The diagram implies that in the internal en-
vironment of the network there are preferential
transmission (and imposition) flows of the nor-
mative framework, as the actors do not all have
an equal position. Nevertheless, this does not
mean the acceptance of all the decisions, infor-
mation, or actions transmitted from the higher
levels. There can be diversity in perceptions
about the potentials and problems of a given re-
gion due to the individual actor’s proximity to
local realities. These different perspectives may
be configured in different views about develop-
ment.

Social networks are frequently conflicting.
The awareness of these conflicts is essential in
order to understand the rationale of the net-
works and to understand where the obstacles to
decision-making and implementation of the var-
ious policy measures lie. Sometimes conflict or
obstacle arise, not as a result of varying per-
spectives of development, but from a lack of
awareness of policy measures, or a lack of ade-
quate training for their correct understanding
and effective implementation. In this sense, it is
very important to identify and characterise the
various social actors (individual and collective)
to understand their functions and levels of in-
tervention, and to comprehend the types of re-
lationships that are found among these actors
that comprise the network.

On the other hand, another significant type
of conflict is observed within the context of
managing a finite natural resource, such as wa-
ter. These conflicts arise from the different us-
es (within or outside the catchment) of this nat-
ural resource. It is therefore important to iden-
tify the various water uses of the catchments to
be analysed. In the end, this contributes to the
identification of the stakeholders, or in other
words, the social actors that are found at the
base of the local network.

As for the driving forces, it is necessary to
proceed with their identification, both in terms
of the internal environment of the network (for
example: the main water uses, and the territor-
ial dynamics that exert pressure on this re-
source), and in terms of those external driving
forces that determine how the network works,

i.e., national and supranational normative
frameworks. These laws may be understood as
external factors that influence the behaviour of
the network by defining intervention norms and
policy measures. They are restrictions that are
imposed in general from the highest levels of
the social network and to which the lowest lev-
els must adapt.

However, they are not the only external fac-
tors that determine how these local networks
operate. In fact, depending on the needs, ex-
pectations and conflicts of the local actors (wa-
ter users) sometimes protest movements are
generated that have an influence on the net-
work of social relations, encouraging certain de-
cisions and opposing others. The influence of
these types of external factors is the opposite
tothat of the normative framework: bottom-up,
instead of top-down. Thus, transmission of in-
formation and intervention can be observed
from the lowest levels of the network moving
towards the higher ones. Here it becomes nec-
essary to analyse the types of external factors
that can constrain action, creating difficulties or
guiding the process of decision-making along
another path. Moreover, it is important to un-
derstand water users’ capacity to organise them-
selves in action groups as well as the efficiency
of their organisations.

2. Materials and Methods

The analysis of the social network of Rio Caia
Catchment followed a methodological approach
structured in five fundamental steps: Stake-
holder Identification; Data Collection; Data
Treatment; Network Visualisation; and Local
Networks Analysis (Figure 2). The main goals
of the analysis were: (i) to visualise communi-
cation flows and other stakeholders’ interac-
tions by using statistical data and diagrams; (ii)
to examine the factors influencing the interac-
tions; (iii) to analyse the association of interac-
tions; (iv) to illustrate the implications of the re-
lational data and situations where information
flows do not create a formal group structure and
(v) to make recommendations in order to in-
crease the efficiency of decision-making
processes by improving the share of resources.
Social network studies have hardly ever col-
lected information about all the relationships
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that actors have with all the other members of
the social network (Kochen, 1989). Such an ef-
fort would be prohibitively expensive. These
studies focus on the stakeholders’ more relevant
relationships with a set of their network mem-
bers, e.g., those network members who provide
a support to understand the decisional context
in analysis.

The identification of decision makers and
stakeholders to be interviewed was a dynamic
process and evolved according to the develop-
ment of the research and of the observers. In a
first step this identification relied on work with
privileged informers (Water Institute – INAG
and Rural Development and Hydraulics Insti-
tute – IDRHA) to select the social actors (farm-
ers, industrial entrepreneurs, environmentalists,
technicians and or managers of public agencies,
water suppliers, etc.) based on some pre-defined
criteria. These criteria aimed at identifying in-
dividuals, groups or institutions that are water
managers or actual and potential water users for
different purposes. These actors would be: those
that examine alternative strategies in water
management; those ultimately affected, either
positively (beneficiaries) or negatively, by the
decisions; those intermediaries in the process of
decision making and implementation; and those
who can significantly influence, or are important
to the success/failure, of the decision taken.

In this process a list was given of people and
entities in the catchment to the stakeholders in-
terviewed who were asked to identify a connec-
tion of some content. This procedure permitted
the initial list of stakeholders structuring the so-
cial network to be increased. This process was re-
peated in the next interviews, and although this
did not lead to an exhaustive list of all persons
and stakeholders involved in the water manage-
ment in the catchment, it provided the main ac-
tors. Furthermore, this approach is useful to start
identifying the relative positioning of stakehold-
ers in a network as well as the partitioning of sub-
groups (Haythornthwaite, 1996).

Collecting data based on the recall of the in-
terviews, although widely used, is considered by
some authors as less reliable than data gathered
by direct observation (Bernard et al., 1981).
Those answers are used to rank the relative fre-
quency of contacts with other social actors, and
the resulting rank can be biased because not all
stakeholders are equally inscribed in the minds

of the interviewees (Christensen et al., 1983).
Therefore, the combination of data collection
methods (questionnaires, interviews and obser-
vation) is considered the best approach by so-
cial network researchers.

Nevertheless, questionnaires are important
to define groups of stakeholders and patterns of
interactions. In addition to survey question-
naires, the research process made use of quali-
tative data gathered through analysis of the in-
terviews and observations. Software applications
such as SPSS were useful to organise this data
and to investigate patterns among institutions,
activities and behaviours. This process provided
a means of integrating the analysis of social net-
works with a cognitive dimension.

The analysis of Caia’s social network is
based on the study of a set of 18 institutional
actors that have some kind of influence on the
decision-making process concerning the water
management at local level. The information was
gathered mainly through a questionnaire, bibli-
ographic references, statistical inputs and field
observations. The questionnaire was developed
in ten main topics, which could be summarised
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in the following subjects: Identification of the
stakeholders’ objectives and responsibilities for
the use and management of water resources;
Review of the stakeholders’ means of interven-
tion to accomplish their objectives Water avail-
ability; Identification of the state of water re-
sources and the main management problems;
Identification of response actions and means of
intervention for the resolution of the problems;
Conflicts related with water uses; Description of
the institutional framework; Water price; Sup-
port to optimise water resource management;
Information; Local network intensity.

Network analysis
The analysis of local network data generally fol-
lows a sequence of steps that aim at identifying
typologies of actors and interactions. The first
step involves two different types of analysis.
One refers to the entire network analysis and
the other to the centrality analysis (Wellman,
1992).

The entire network analysis examines the
structure of social networks (including groups
or clusters), as well as the networks’ composi-
tion, functioning, and links to external situa-
tions. With this analysis it is possible to exam-
ine questions such as: Who interacts with whom,
about what and how? How are ties and rela-
tionships maintained, or changed, over time?
How do interpersonal relations such as profes-
sional meetings, work role and organisational
position affect the whole social network?

The approach to the entire network analysis
focused on the description of the structure of
the local network through the examination of
the size, density, and cohesion of the network.

Density is a measure to describe how many
entities are related to others in a given network.
It refers to the total number of connections ex-
istent in the network divided by the total num-
ber of possible connexions between all the ac-
tors. The maximum value of density in a net-
work is 1.

Cohesion is also a measure to describe the
interconnectedness of actors in a network. How-
ever, it refers only to the mutual connections
existent in the network divided by the total
number of possible mutual connections between
all the actors. Therefore, this measure excludes
all the non bidirectional connections.

The centrality analysis is the most important

way of identifying the actors that play the most
relevant roles within the network and refers to
the extent to which a network revolves around
a single node (Everett and Borgatti, 1999).

Centrality is an attribute of the nodes in a
network that refers to the structural position of
an actor within the network. Measuring the cen-
trality of the different nodes is a way of assess-
ing the importance and influence of an actor
within the network. According to Freeman
(1979), from the individual measure of central-
ity, it is possible to estimate a global degree of
centralisation of the network and the three most
widely used measures of centrality can answer
some questions:
– degree centrality measures the number of di-

rect links of each actor with the other actors
within the network and it is often normalised
as a percentage of the degrees in a network.
This coefficient describes the actor or actors
with the largest number of direct links and,
therefore with widest access to the network.
It allows the following questions to be an-
swered: How active is each social actor with-
in the network? Who is the most active so-
cial actor within the network? 

– in a non-symmetric network it is important
to distinguish centrality based on in-degree
from centrality based on out-degree. The rel-
ative out-degree of a node is the total num-
ber of linkages incident from it divided by
the number of all other nodes. The relative
in-degree of a node is the total number of
linkages incident to it divided by the num-
ber of all other nodes;

– closeness centrality measures the average
distance of a node to all other nodes in the
network. Since this coefficient characterises
how close each actor is to all the other ac-
tors of the network it allows the following
question to be answered: Who is the social
actor with fastest access to all the nodes
within the network?

– betweenness centrality measures the extent
to which each social actor has to go through
a given actor to become connected to the
others. Therefore, the more people depend
on a given actor to make connections with
other people, the more central that actor is.
It is measured through the number of short-
est paths between different actors that pass
through a given node. This coefficient de-
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scribes the actor or actors with highest lev-
els of betweenness and that have a strong in-
fluence over what flows in the network. It
allows the following question to be an-
swered: Who is the best-connected social ac-
tor within the network?
One of the outputs of this analysis was the

identification of stakeholders that reflect the
highest number of contacts. The relationship be-
tween the centralities of all nodes can reveal
much about the overall network structure. A
much-centralised network is dominated by one
or a few very central nodes. If these nodes are
removed or damaged, the network quickly frag-
ments into unconnected sub-networks. Highly
central nodes can become critical points of fail-
ure. A network with a low centralisation score
is not dominated by one or a few nodes. Such
a network has no individual points of failure. It
is resilient in the face of many intentional at-
tacks or random failures. Some nodes or links
can fail while allowing the remaining nodes to
still reach each other over other paths (Free-
man, 1979). The typology of stakeholders was
characterised by content, type, direction and in-
tensity of the interactions. The content of an in-
teraction refers to the resource that is ex-
changed. The relationships between two actors

can be directed or undirected. For example, one
stakeholder may give technical support to sec-
ond stakeholders to solve one problem regard-
ing the water supply. There are two relations
here: giving support and receiving support. Al-
ternately, stakeholders may share a mutual re-
lationship, i.e., they both maintain the relation-
ship and there is no specific direction to it. How-
ever, while they both share the outcomes of the
connector, the relationship may be unbalanced:
one actor may claim a close relationship and the
other a weaker relationship, or communication
may be initiated more frequently by one actor
than the other. Thus, while the relationship is
shared, its expression may be asymmetrical.

Case study overview: Physical and socio-eco-
nomic frame of Caia catchment
Caia River catchment is located in a region of
South Portugal, the Alentejo, near the border
with Spain (Figure 3). The Alentejo is one of
the most easily identifiable regions in Portugal
as economically and socially peripheral. Envi-
ronmentally, it is likewise a region where ex-
treme climatic conditions and insufficiently fer-
tile land limit the development of competitive
agriculture. Nevertheless, there are exceptions.
Wine and olive oil, which are well adapted to
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these biophysical conditions, are very competi-
tive with significant market niches, especially if
they are origin labelled products.

Alentejo is also an entirely different place in
terms of its agrarian structure: it owes its eco-
logical, economic and social peculiarity to the
dominant large landowner system of extensive
monoculture. As such, it can be considered the
periphery of the periphery inasmuch as it is an
under-populated, non-industrialised and deeply
marginalised region.

The Alentejo region with a low population
density (large number of municipalities have
less than 20 inhabitants/km2) is dominated by
large and very large holdings and the land of
each farm unit is relatively concentrated into a
few blocks. Agricultural and forestry activities
remain responsible for the employment of a sig-
nificant percentage of the active population. In
recent years, there has been a sharp increase in
the active population employed in services, par-
ticularly in the public and private services. This
fact demonstrates the non-existence of eco-
nomic activities that function as a viable alter-
native to agriculture. Thus, population settle-
ment is difficult, so much so that migratory
movements continue both to other regions of
the country and abroad.

The landscape of Alentejo, which is domi-
nated by the huge peneplain of the Alentejo
with small ranges of hills, is marked by the pres-
ence of Montado oak plantation which forms an
extensive land-use system of the agro-silvo-pas-
toral kind. It results from the selection of
species from the Mediterranean forest, which
man developed over the last two centuries (Na-
tividade, 1950). It is particularly well adapted to
the climate and soil constraints and is made pos-
sible by the large size of the holdings in the Alen-
tejo. In terms of land use, the montado is used
for growing cereals in rotation with planted pas-
tures which are generally followed for four or
five years by a fallow period during which the
shrub covering increases. Apart from protecting
the soil, this shrub layer allows for nutrients to
be fixed in the soil and for the natural re-growth
of the cork oaks. At the end of this fallow peri-
od, the land is ploughed and the scrub cut back.
However, various factors have contributed to the
degradation of this land-use system.

In the 20th century, the Wheat Campaigns in
the thirties and the mechanisation of cereal

growing since the sixties, initiated intensive phas-
es of cereal growing and pasture use that exert
a great deal of pressure on the montado in the
Alentejo. African swine fever, which spread in
Portugal at the beginning of the seventies, led to
the end of extensive Iberian pig farming. For
these reasons the economic viability of the holm
oak montado almost disappeared and continues
in decline and the density of its trees is dimin-
ishing; the latter were generally transformed in-
to vegetable coal, giving way to clean land where
the mechanisation of cereal farming was possible
(Ferreira et al., 1993).

In recent years, the area of cork oak monta-
do has stabilised; however, intensive cereal
growing and pasture use do not allow for the
natural regeneration of the cork oaks and as a
result the trees are generally old, in decline and
produce less cork (Daveau, 1995). The periods
of drought felt in the nineties have also con-
tributed to the general weakening of these trees.

Most of the eleven irrigation schemes in the
Alentejo are limited in size and are unable to
resist a few successive years of drought. More-
over, they are characterised by very low levels
of land and water use and until very recently
they were concentrated largely in monocultures
of rice and tomato for industry. The Irrigation
Plan of the Alentejo, drawn up in the 50s-60s,
provides for the construction of a large dam
(Alqueva) that should theoretically irrigate
180000 ha. At present, rice production has al-
most disappeared and tomato production is lim-
ited. The Alqueva irrigation scheme, presently
under construction, will provide for the irriga-
tion of around 110 000 ha, but its effects will
only be seen in the medium/long-term.

Caia River catchment is a tributary of one
of the main Iberian rivers, the Guadiana River;
its river basin is around 780 km2 and it has an
average altitude of 334 m. The slope in almost
all of the catchment varies from 0-5%; howev-
er, in the upper land (Serra de São Mamede,
937 m) it can reach 25-35%. The Mediterranean
climate dominates in the region although the
distance from the sea accentuates some climat-
ic features with temperatures becoming more
extreme. The topography also has an effect on
the spatial distribution of the rainfall. The up-
per areas of the catchment in the northern
boundaries, with an elevation around 700-930 m,
register 800-1000 mm of rain a year (SNIRH,
2001). The rain is relatively scarce and almost
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80% of annual precipitation occurs between Oc-
tober and April. The annual average precipita-
tion is about 500-600 mm, attaining 1000 mm in
the high lands of Caia catchment. The occur-
rence of heavy downpours in the spring and au-
tumn and the great irregularities in the yearly
rainfall make it difficult to plan crops and the
necessary irrigation.

The rocky layer is fundamentally marked by
the presence of schists, greywackes and granites,
and occasionally, marble. With the exception of
small and narrow alluvial plains, the soils in this
region are generally stony, not very developed,
with a scarcity of organic matter, a low capaci-
ty for water retention, often highly eroded and
largely unsuitable for agriculture.

The average size of the farms in all the catch-
ment is around 52 ha. However, the average size
of the farm drops to 14 ha when only the area
of the irrigation scheme is considered. Outside
the irrigation scheme, the land is dominated by
medium-size and large-size farms, and is used
extensively with crops rotating with pasture and
being left fallow over long periods, very often
under a cover of scattered cork and/or Holm
oaks. Almost all the agricultural land is owned
by the farmers and there is little leasing. There
are few young farmers; on the contrary, farmers
over the age of 65 years continue to play a very
important role in the management of the re-
gion’s farms. However, these farmers only ded-

icate a part of their time to the farm. There is
only a significant percentage of full-time farmers
in the area of the irrigation perimeter.

Between 1963-1967 a reservoir was created by
the Caia dam. Over the last 30 years, this reser-
voir has triggered the conversion of the agricul-
tural production systems from rainfed farming to
intensive irrigated productions in a perimeter of
about 7 200 ha. This reservoir, with a total ca-
pacity of 203 hm3, is the source of water extrac-
tion for different uses and it supplies about 500
farms for agricultural work (Faria and Paz, 2002).

In the Caia Catchment multi-purpose water
management is a significant subject. Although
the main water use is associated with agriculture
(91.2% in 1996), which is the main land use in
terms of surface in the region, there are two oth-
er significant water uses in the catchment: indus-
trial (8.7%) and public supply (0.1%) for two mu-
nicipalities (Faria and Paz, 2002). Furthermore,
water uses such as those related with recreation-
al activities and ecological interests are relevant
from the socio-economic viewpoint. Agriculture is
thus competing with other sectors for the use of
water, and, as a result the management of water
quantity and the preservation of water quality
have become very important issues in the Caia
Catchment. Given the dominant weight of the
agricultural use of water, the conflicts between us-
es and users are significant mainly during periods
of water scarcity: dry years and dry seasons.
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The main irrigated crops in this area are rice,
maize and tomato. In recent years, due mainly
to the insufficient water stored in the reservoir,
sunflowers have taken on more importance as
the rice area was reduced. There has also been
an increase in the complementary irrigation of
wheat (Faria and Paz, 2002).

The great irregularity of seasonal rain distri-
bution in the region, with periods of severe
drought followed sometimes by periods of ex-
treme abundance of water, makes crop planning
difficult, and sometimes causes conflicts among
the different waters users in the catchment. Ir-
rigation in this region is not seen as a means of
increasing agricultural productivity. In fact, it is
seen as an essential production factor to ensure
the economic viability of the farms. Therefore,
there is a strong seasonality (Figure 4) in the
use of water from the reservoir, which is almost
depleted at the end of the irrigation period (cor-
responding to the end of dry season), especial-
ly in the driest years.

3. Results and Discussion

The main goal of the analysis was to examine
the interactions among stakeholders within the
network. The two objectives of the analysis
were: (I) to determine if there are any groups
of individual agents whose patterns of interac-
tions are sufficiently similar to be considered as
a type of stakeholders; (II) to describe the pat-
terns of interactions among stakeholders (typi-
fying the water management process), and to
identify their roles in the network.

Caia’s social network has 18 nodes (stake-
holders) with a web of 112 ties (interactions)
connecting them. It is also a non-symmetric net-
work, which means that not all the stakehold-
ers maintain reciprocated linkages. This social
network has a density of 0.37, i.e. only 37% of
all possible direct linkages are present. Fur-
thermore, the cohesion is also low (0.20), show-
ing that only 20% of the connections are reci-
procated. This data tells us that there is poten-
tial to increase the interactions among stake-
holders in this small network, which could con-
tribute to improving the processes of water
management in the catchment.

From the centrality analysis it is possible to
say that there are no isolated actors within the
Caia river catchment network. Somehow each

actor is able to reach all the others in the net-
work, directly or indirectly. However, the links
between the different stakeholders are not al-
ways reciprocated. In fact, it is possible to ob-
serve some actors that interact with others with
a leading role. To determine which of the actors
are more important, the analysis considered all
the direct ties made by an actor (both originat-
ed and received) and the indirect ties (paths).
The usual parameters of centrality were used to
examine the centrality of the stakeholders with-
in this network: degree centrality, out-degree
centrality, in-degree centrality, closeness cen-
trality and betweenness centrality (Table 1).
Furthermore, three classes of prominence were
considered: local centrality, related with the out-
degree; local prestige, related with the in-de-
gree; and global centrality, measured by index-
es such as “degree” “closeness” and “between-
ness”.

The analysis of Table 1 reveals that the Ca-
ia Irrigation Board is the stakeholder with the
highest degree of centrality (0.79), i.e. it is the
actor with more connections and hence can di-
rectly affect more other actors. It is the social
actor with most influence (highest out-degree),
most prominence (highest in-degree), is closest
to the others (highest closeness) and the actor
with the most favoured position (highest be-
tweenness) because many other actors depend
on it to make connections with other actors. This
central position makes this stakeholder more
visible to the community of water users and re-
sults from its role in supplying water for irriga-
tion. In effect, the existence of one actor with
greater local centrality is very significant in or-
der to understand the internal environment of
the local network. Therefore, Caia Irrigation
Board is the most involved stakeholder in wa-
ter management, and it can be considered as the
most important channel for the diffusion of in-
formation and innovations (decisions, technical
support, procedures, etc.) serving also as a liai-
son between different actors in the network.

Within Caia network, other stakeholders
that play central roles can also be found, i.e.
IDRHA, the national authority responsible for
Rural Development and Hydraulics, which has
significant values in all the parameters. The high
value of Betweenness of IDRHA represents its
great potential to control interface relationships.
IDRHA, as a national authority, represents the
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most central position between the local stake-
holders and other entities situated outside the
catchment.

GEDA and INAG, the national authority for
water management, are quite close to the oth-
er actors inside this network., These two stake-
holders have completely different characteris-
tics but are important to maintain regular pat-
terns of relationships between different levels of
water management interacting within Caia net-
work. The Water Institute supervises all the ac-
tivities related with the Caia dam reservoir and
all entities that are operating in this area de-
pend directly on its decisions. This explains the
important role played by this institution. GEDA
is the only NGO operating with its head office
located inside the limits of Caia river basin. This
actor acquired its position within Caia network
acting almost as originator of the contacts. Its
prominence can be important to obtain support
to launch initiatives or just to influence the de-
cision-making process.

Despite the lack of isolated actors, some of the
stakeholders are not so extensively involved in re-
lationships with all the actors but have a periph-
eral position within the social network. Beetroot
producers can be considered the most isolated
stakeholder within Caia’s network. The centrality
coefficients of this actor show the low communi-
cation activity with the other network nodes.

Arronches municipality is another example
of exclusion in Caia network, although this
stakeholder is reasonable well connected with
the other municipalities. Another peripheral
stakeholder is the NGO GEDA. In this case, it
is possible to observe an attempt to become
more integrated in the network. In fact, al-
though the low in-degree, this stakeholder has
a relatively high out-degree, showing that is in
some way attempting to compensate the lack of
contacts received by contacting with lots of oth-
er actors in the network.

Centrality within the groups and keystone entities
Another perspective of centrality is to examine
it from the viewpoint of each group identified
with the cluster analysis. With this procedure,
sub-structures can be found and other centrali-
ties seen and this contributes to the definition
of other keystone entities. The main reason for
defining and detecting groups in the Caia net-
work is to obtain data zooming/description of
patterns of the observed structures.

In a preliminary analysis of the groups, Ca-
ia’s network shows a sample of a highly inter-
connected set of entities sharing similar inter-
ests. Nevertheless, global values of closeness and
betweenness  reveal important differences that
make other keystone actors emerge. Inside the
group of farmers’ associations (Cluster 1) it is
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Table 1. Measures of centrality according Caia stakeholders in the networks.

Social Network in Caia Catchment Centrality coefficients
Degree Out-Degree In-Degree Closeness Betweenness

0 Caia Irrigation Board 0,794 0,765 0,824 0,048 102,152
1 North Alentejo Municipalities Association 0,412 0,353 0,471 0,029 9,483
2 Portalegre Municipality 0,441 0,529 0,353 0,032 9,205
3 Arronches Municipality 0,265 0,235 0,294 0,027 1,786
4 Elvas Municipality 0,441 0,294 0,588 0,033 10,024
5 Campo Maior Municipality 0,265 0,176 0,353 0,030 3,481
6 Olive Oil Producers Association 0,294 0,412 0,176 0,036 3,417
7 ALTOL (Tomato Producers Group) 0,353 0,529 0,176 0,040 9,333
8 CERSUL (Cereals Producers Association) 0,206 0,294 0,118 0,034 1,000
9 Beetroot Producers 0,147 0,059 0,235 0,027 0,000
10 Agroraiana (Farmers Association) 0,324 0,412 0,235 0,037 9,843
11 Reg. Direct. for Agriculture 0,353 0,176 0,529 0,031 5,638
12 Reg. Direct. for Environ. and Spatial Planning 0,353 0,353 0,353 0,034 4,379
13 ESA (Agrarian School) 0,265 0,353 0,176 0,034 1,286
14 GEDA (Ecologist and Adventure Sports Group) 0,265 0,412 0,118 0,037 5,050
15 Water Supply Company 0,412 0,471 0,353 0,037 11,814
16 INAG (Water Institute) 0,441 0,353 0,529 0,034 13,664
17 IDHRA (Rural Development and Hydraulics 0,559 0,412 0,706 0,036 25,445

Institute)



interesting to see that the Cereal Producers As-
sociation starts the most contacts (Node 7).
Nevertheless, Caia Irrigation Board is still the
most central and prominent stakeholder inside
this group.

Looking inside Cluster 2, it is possible to see
that IDHRA lost importance, when compared
with its prominence in the global analysis of the
network. On the other hand, INAG increase
their comparative significance, and are the most
prominent entity in this cluster. This means that
if the objective is to access the part of the net-
work most related with national and regional
level of decision-making, this can be most suc-
cessfully achieved with INAG. However, if the
objective is to go into an entity with more sig-
nificance in transversal contacts with local enti-
ties, IDHRA is clearly the best alternative in
this group.

In Cluster 3 (mainly related with municipal-
ities), the Portalegre municipality is the most
central and prominent stakeholder. With regard
the prestige of Portalegre municipality it is im-
portant to refer that the president of this enti-
ty is also responsible for other associations that
were not considered in this study (Portalegre
Wine Association; and Portalegre Farmers As-
sociation). The individual prestige of its presi-
dent is certainly one of the main reasons for
Portalegre municipality level of centrality with-

in Caia’s network. The Regional Directorate for
Agriculture that does not start any contact with
other node of the group is included inside this
cluster as a residual node.

Typologies of Stakeholders
Another step in the analysis of the social net-
work in Caia Catchment was the identification
of sub-groups within the network. In addition to
considering the interactions between the differ-
ent actors, this analysis also examined four oth-
er dimensions of interactions: frequency, objec-
tives, how the interactions were produced and
the geographic location of the different actors.
With these attributes for each actor, a hierar-
chical cluster analysis was applied, allowing the
identification of three structural clusters (Figure
5). Cluster 1 is essentially made up of farmers’
associations; Cluster 2 largely encompasses the
national and regional administrative authorities;
and Cluster 3 comprises basically the munici-
palities of the catchment.

The hierarchical cluster analysis reinforced
the idea that one group of stakeholders (Cluster
1 of farmer associations) is stronger than the oth-
ers. This group of stakeholders can be charac-
terised by the high frequency of relationships es-
tablished among them. The Cluster 2 is not so
strong due to its division into two sub-groups: the
national authorities and the regional authorities.
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Table 2. Measures of centrality by groups of stakeholders.

Cluster Node Out-Degree In-Degree Degree Closeness Betweenness

1 Caia Irrigation Board 10 23 4.7 0.14 18.7
Olive Oil Producers Association 3 7 1.4 0.10 0.3
ALTOL (Tomato Producers Group) 17 5 3.1 0.14 3.2
CERSUL (Cereals Producers Association) 7 6 1.9 0.13 1.0
Beetroot Producers 4 8 1.7 0.08 0.0
Agroraiana (Farmers Association) 6 5 1.6 0.11 3.8
ESA (Agrarian School) 4 2 0.9 0.08 0.0
GEDA (Ecologist and Adventure Sports Group) 5 0 0.7 0.09 0.0

2 North Alentejo Municipalities Association 2 6 2.0 0.17 0.0
Reg. Direct. for Environ. and Spatial Planning 6 8 3.5 0.25 3.5
Water Supply Company 1 3 1.0 0.14 0.0
INAG (Water Institute) 10 8 4.5 0.25 2.0
IDHRA (Rural Development and 12 6 4.5 0.20 0.5
Hydraulics Institute)

3 Portalegre Municipality 8 4 3.0 0.25 2.5
Arronches Municipality 9 3 3.0 0.25 1.0
Elvas Municipality 2 5 1.8 0.17 0.0
Campo Maior Municipality 3 5 2.0 0.17 0.5
Reg. Direct. for Agriculture 0 5 1.3 0.00 0.0



In Cluster 3, one stakeholder (Regional Di-
rectory of Agriculture) is isolated when a more
detailed analysis is performed. This means that
there is a certain uncertainty about the position
of this stakeholder in this group. On one hand,
this regional authority has similar relationship
characteristics with the municipalities; on the
other hand, this is a regional authority with oth-
er expertise which is quite different from the
municipalities.

A more detailed reading of the interactions

established within the social network present in
Caia catchment allows us to observe how the
different actors can be organised. This themat-
ic analysis enables us to associate the different
stakeholders in accordance with different per-
spectives about concrete issues which that can
have significant effects on the decision-making
process. Although not developed in this paper,
it seems important to give the example of some
different associations of groups of actors result-
ing from their perceptions in relation to essen-
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Figure 5. Base image
of stakeholders’ posi-
tional analysis among
the Caia network.

Figure 6. Stakehold-
ers position among
the Caia network ac-
cording to their spe-
cific objectives.
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tial issues on the management of water re-
sources in the catchment.

This analysis shows how the different actors
become closer or more distant in accordance
with specific issues and in this process create
cleavages within the decision making process.
Therefore, it is possible to see that two main
groups can be formed when the subject of Wa-
ter Demand and Supply is in discussion: one
concerns the actors that supply water (for agri-
culture and other uses) in the catchment; the
other relates to the actors that receive and use
the water (Figure 6).

Another example of different associations of
stakeholders in sub-groups with the social net-

work refers to their perceptions about water
availability in the catchment. This is a quite con-
troversial issue within the network that pro-
duces significant divisions among the stake-
holders. On one hand, the more optimistic ac-
tors who think that there is enough water for
all the uses, are also those responsible for sup-
plying water in the catchment. On the other
hand, it is the entities responsible at regional
and national level for agriculture in Caia catch-
ment e.g. IDRHA and the Regional Directorate
for Agriculture that consider situations of water
shortages occur more frequently:

A last example concerns the association of
actors according to their contribution for water
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Figure 7. Perspec-
tives of stakeholders
about their percep-
tions on water avail-
ability.

Figure 8. Specific ob-
jectives of stakehold-
ers according to their
contribution for wa-
ter resources man-
agement. � � � � � �
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resources management in the Caia catchment.
The municipalities are clearly separated from
the other actors in the network. The group of
actors that have a key involvement in the man-
agement of Caia catchment water resources
comprises the national authority responsible for
rural development and agricultural hydraulics
(IDRHA), the Water Supply Company and Ca-
ia Irrigation Board, both of them responsible for
supplying water at local and regional levels. The
agricultural and environmental protection
group corresponds to a residual group, in which
there is a more consistent sub-group represent-
ing the farmers’ associations (Figure 8).

4. Concluding remarks

Caia’s network has some particularities: the
overall amount of network structures is low; how-
ever, some groups, defined in relation to some is-
sues, are strong. An analysis of macrostructure and
microstructure results reveals three structural fea-
tures of Caia’s social network:
– A clear separation into three groups of ac-

tors: farmers associations, municipalities and
national level entities.

– Within these three groups the density and
cohesion are generally greater than in the
global network.

– The level of connection between the groups
is strong.
One stakeholder (Caia Irrigation Board) has

great control over the structure of the local net-
work. The Caia Irrigation Board manages the
water from the reservoir and. therefore, controls
the supply of water to the framers in the irri-
gation scheme and has a strong influence in sup-
plying water for other uses. Due to its local set-
ting, it plays a central role in the social interac-
tions of the network making it a key reference
to any contact within Caia network, and also the
strongest interface between the different clus-
ters and the best way to establish contacts
among different levels of decision-making.

However, the Portuguese governance system
is characterised by the great importance of the
central administration. The level of regional ad-
ministration is very weak, if not completely non-
existent, and results from the delegation of pow-
er from the central administration. Therefore,
two external actors (INAG and IDRHA), both

national public authorities for the management
of water resources, for the conservation and use
of water resources in agriculture and for the de-
velopment and funding of irrigation schemes,
have a crucial influence on all the actors play-
ing a role in water management in the Caia
catchment.

Social network analysis is an important tool
to understand the structure of interactions
among a given set of actors. However, it should
take into account that social networks are enti-
ties in continuous change. Thus, social network
analysis is an attempt to make a static picture
of an evolving complex social structure which is
highly conditioned by changes occurring in the
individuals that constitute it. Therefore, the in-
dividuals chosen to be interviewed should have
an intensive knowledge of the organisation ac-
tivities they represent. Nevertheless, in larger
organisations, it is quite difficult to find people
with complete knowledge about all types of its
organisation’s interactions. One of the conclu-
sions arising from the analysis of local social
network is that this type of study must be seen
not only as a collection of measures and meth-
ods to find out certain parameters about net-
work characteristics, but also as a tool to help
improving the communication within the net-
work. This tool must be at the service of the end
users and other keystone stakeholders identi-
fied.

The study of the Caia catchment social net-
work related with water resource management
is a good example of how stakeholders with
very different fields and levels of action inter-
act. It demonstrates the importance of analysing
the delicate balance established between a wide
range of local, national, private and public 
actors.
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